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Introduction: Type 2 diabetes is associated with hyperglycemia, insulin resistance,
and oxidative stress. This study evaluated the separate and combined effects of high-
intensity interval training (HIIT) and Eryngium (Burdock) extract on metabolic and
oxidative—antioxidant indices in a diabetic animal model.

Methods: Fifty male Wistar rats were randomly divided into five groups: healthy
control, diabetic control, diabetic + Burdock, diabetic + HIIT, and diabetic + HIIT +
Burdock. Blood glucose, insulin, insulin resistance (HOMA-IR), insulin sensitivity
(QUICKI), malondialdehyde (MDA), glutathione peroxidase (GPx), and total
antioxidant capacity (TAC) were measured. Data were analyzed using one-way
ANOVA followed by post hoc tests (Tukey/Welch), with a significance level set at
p<0.05.

Results: Compared to the diabetic group, each of the interventions (HIIT and
Burdock alone) significantly reduced glucose and HOMA-IR, and increased insulin
and TAC (p<0.05), while also significantly reducing MDA. The increase in GPx was
significant in the Burdock and combined groups but not in the HIIT-only group
(p<0.05). Only the combined HIIT + Burdock intervention significantly improved
QUICKI (p<0.01), and it showed the greatest reduction in glucose and MDA, as well
as the highest increase in insulin, GPx, and TAC (p<0.001).

Conclusion: Both HIIT and Burdock have beneficial effects on glucose control and
the oxidative/antioxidant balance. However, their combined use shows an additive
effect, outperforming the individual interventions. These findings support the
development of multi-faceted approaches in managing type 2 diabetes.
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Extended Abstract

Introduction

Type 2 diabetes mellitus (T2DM) is one of the most
common metabolic disorders, characterized by
hyperglycemia, insulin resistance, and oxidative stress.
Persistent hyperglycemia contributes to the activation of
signaling pathways that generate reactive oxygen
species (ROS), advanced glycation end-products
(AGEs), and inflammatory mediators, thereby
aggravating vascular and cellular complications.
Imbalance between oxidants and antioxidants is a key
factor in disease progression. Non-pharmacological
strategies, including physical activity and herbal
supplementation, have attracted growing attention.
High-intensity interval training (HIIT) has been shown
to improve insulin sensitivity and modulate oxidative
stress. Eryngium extract contains phenolic and saponin
compounds with anti-inflammatory and antioxidant
properties. This study aimed to investigate the
independent and combined effects of HIIT and
Eryngium extract supplementation on metabolic and
oxidative—antioxidative indices in a rat model of T2DM.

Methods

Fifty male Wistar rats (200 + 20 g, 8-10 weeks old) were
randomly divided into five groups (n=10): healthy
control, diabetic control, diabetic + Eryngium (100
mg/kg/day gavage for 6 weeks), diabetic + HIIT, and
diabetic + HIIT + Eryngium. Type 2 diabetes was
induced using a high-fat diet followed by streptozotocin
(50 mg/kg i.p.). The HIIT protocol was performed 5
sessions/week for 6 weeks on a treadmill, with
progressive increments in speed and slope. Fasting
blood glucose (FBS), insulin, HOMA-IR, and QUICKI
were measured as glycemic indices. Oxidative—
antioxidative biomarkers included malondialdehyde
(MDA), glutathione peroxidase (GPx), and total
antioxidant capacity (TAC). Data were analyzed using
one-way ANOVA followed by Tukey or Welch post hoc
tests; significance was set at p<0.05.

Results

Analysis  revealed significant improvements in
metabolic and oxidative—antioxidative parameters
following the interventions. Compared with the diabetic
control group, both HIT and Eryngium extract
independently reduced fasting blood glucose and
HOMA-IR while significantly increasing serum insulin
concentrations and total antioxidant capacity (TAC)
(p<0.05). Both interventions also  decreased
malondialdehyde (MDA) levels, reflecting a reduction
in lipid peroxidation. However, an elevation in
glutathione peroxidase (GPx) activity was observed
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only in the extract and combined groups, with no
significant increase detected in the HIIT-only group
(p<0.05). Importantly, only the concurrent intervention
of HIT and Eryngium extract yielded a significant
improvement in QUICKI (p<0.01). The combined
group demonstrated the most pronounced changes
across all parameters, including the greatest decline in
glucose and MDA levels and the highest increases in
insulin, GPx, and TAC (p<0.001). These findings
strongly suggest a synergistic interaction between
exercise and phytotherapy, whereby their combined
application  produced superior metabolic and
antioxidative benefits compared with either intervention
alone.

Conclusion:The findings confirm that both HIIT and
Eryngium extract exert beneficial effects on glucose
regulation and oxidative balance in diabetic rats. These
effects are consistent with previous reports highlighting
the role of interval training in improving insulin
sensitivity and endogenous antioxidant defenses, as well
as the role of Eryngium species in reducing oxidative
stress via bioactive phytochemicals. Importantly, the
combined intervention demonstrated synergistic effects,
achieving superior outcomes compared to either
intervention alone. This pattern suggests that integrated
protocols targeting both lifestyle modification and
phytotherapy may enhance diabetes management
strategies. Both high-intensity interval training and
Eryngium extract independently improved glycemic
control and oxidative balance in diabetic rats, while their
combined application produced synergistic benefits.
These results highlight the promise of integrating
exercise and phytotherapy as a supportive, non-
pharmacological approach in type 2 diabetes
management.
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